ABSTRACT -The purpose of this study is to associate neuropsychological evaluation with neuroimaging results in children with cerebral tomography indicating ischemic cerebrovascular disease (ICVD). Neuroimaging, neurological exams and neuropsychological instruments were used to evaluate five children. The study revealed that the cognitive and perceptive skills in two children were normal and motor sequele in four cases. The rhythm, visual and speech receptive skills remained unchanged. In four cases the SPECT exam showed regions with hypoperfusion and in four cases the EEG was normal. Neuropsychological, neurological and image indication some degree of sequele demonstrating the importance of follow up of children who had suffered cerebrovascular disease.
METHOD
Five children with ICVD (4 females and 1 male), diagnosted between the ages of 13 months and 7 years, were evaluated. Their neurological, clinical and image reports were compatible with those of ICVD and they were treated, during the acute phase, at the Faculdade de Ciências Médicas da Universidade Estadual de Campinas (UNI-CAMP). At time of evaluation, their ages ranged from 4 years 1 month to 11 years 10 months and their school grades were from preschool to 5 th grade (middle school). Children evaluation was performed through: a) neurological examination; b) electroencephalogram (EEG); c) computatorized tomography of the skull (CT); d) single photon emission computed tomography (SPECT); e) Wechsler's Intelligence Scale for Children (WISC) 6 ; Visual-Motor Gestalt test (Bender-Santucci) 7 ; Luria Nebraska battery (LNB) 8 . The first evaluation was performed at the acute phase of the disease, and afterwards during evolution.
The progress on the field of imaging has enabled better characterization of the clinical, diagnostic and evolutional prognosis of cerebrovascular disease [1] [2] [3] [4] . Studies on neuropsychological assessments of ischemic cerebrovascular disease (ICVD) during childhood are rare. So, Koelfen et al. 5 studied eight children who had suffered cerebrovascular disease during the neonatal period, involving the medial cerebral artery. In correlation of the results of the angiography, magnetic resonance image and the neuropsychological tests, mental retardation and hemiparesis were found in seven children, and epilepsy in four.
The purpose of this study, which is part of a more extensive research is: 1) to report the results of the neuropsychological investigation in the follow up of outpatient children diagnosed as having ICVD; 2) to correlate the neuropsychological findings with the neuroimaging results. Intelligence scale rating was performed in four children; it was normal in two (Cases 1 and 2) and showed mental deficiency in other two (Cases 3 and 4) ( Table 2 ). The Luria Nebraska battery related to (Table 2) . Image results (CT and SPECT) were put together and showed that they had undergone changes except for cerebral perfusion in Case 2 (Table 3) . Table 4 presents a brief evaluation of WISC, LuriaNebraska battery, SPECT, CT and EEG tests for each child.
DISCUSSION
The evolution of the five children with ICVD showed that their motor, cognitive, tactile, perceptive, language, reading, writing, mathematical reasoning, and memory skills were affected; the neuropsychological, neurological and image evaluation, performed on these five children revealed the sequelae. Mental deficiency was confirmed in two children (Cases 3 and 4). In Case 3, with polyarteritis nodosa and recurrent vascular disease, images showed affected cortical and subcortical areas, dysfunction in the cerebral perfusion and paroxysmal right temporal activity in the EEG, and a poor performance in the global neurological investigation. Academic knowledge is relevant in the WISC test and therefore the results suggest that the cerebrovascular damage strongly influenced the poor performance of these children (Cases 3 and 4).
Koelfen et al. 5 , in a prospective follow-up study on 8 children, and Ganesan et al. 9 , in a study on twins, found intellectual impairment and neuropsychological deficits in children with cerebrovascular disease.
In Case 5, the vascular symptoms reccurred 18 months later and affected the subcortical regions of the contralateral hemisphere. It was not possible to perform the WISC and Bender tests because of the chronological age, but the other test performances were adequate for the age group, indicating a preserved intellectual capacity.
When stroke occurred, Case 1 was 5 years old and presented dominance defined to the right hand, and the ICVD affected the left hemisphere resulting in right hemiparesis.Therefore, the functions of the right hand were transferred to the left, which made the child a false lefty, but it was observed that the child still used the right hand for a few movements. This meant that the function was not totally affected, even though there was a structured lesion as show the CT (Table 3 ).
The site, extension and time of the settlement of the lesion are important aspects in a neurological evaluation; the results obtained in the neuropsychological tests of a developing brain are different from that obtained in an adult patient. So, a greater capacity of cerebral reorganization recovery of functions are expected in children 10, 11 . It should be reminded that lesions affecting an immature brain, may compromise several superior structures as has been observed by us and other authors 4, 5, 9 .
The Luria-Nebraska battery showed that the motor, immediate memory and expressive speech skills are the functions most affected. Deficits in motor skills observed in four of the children may be consequence of the hemiparesis observed in these patients.
Visual-motor perception is a function controlled by cerebral cortex and requires an integration of temporo-parietal-occipital lobes of the non-dominant hemisphere, because these areas are important for the perception of spacial relationship 12 . The Luria Nebraska battery showed that no difficulty was observed regarding visual skill, which suggested that the reception, integration and expression of information were adequate. However, the Bender test proved to be more difficult to be achieved on Cases 3 and 4, probably because they had problems with integration and expression of information, and their SPECT exams agree with hypoperfusion in these cortical areas. As less perfusion was particulary observed on left temporal, left temporo-parietal and left parietal-occipital regions, it is advisable that these areas are important for expressive language, writing, reading, mathematical reasoning, tactile skills, rhythm and immediate memory functions.
The damage was more marked in patients with intellectual performance below the average, or compatible with mental deficiency. The neuropsychological and image exams (SPECT) of monozygotic twins with moyamoya disease, one symptomatic (Case 4) and the other asymptomatic, revealed intellectual retardation, as well as frontal and temporal hypoperfusion in the symptomatic child.
The association of results obtained from the Luria-Nebraska battery and the SPECT exams, showed that the greatest deficit was mediated by areas that had the leastest perfusion, indicating that the level of intelligence was not restricted to a specific area of the brain, but depended of a combination of various structures and cerebral functions. Therefore, the analysis of the results obtained using several instruments, showed the importance of the correlation between the damaged areas and the results of neuropsychological tests.
